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Description 

[0001] This invention relates to an ink jet recording paper, and more specifically to an Inkjet recording paper having 
good color rendering properties when used not only with conventional types of ink, but also with water-soluble inks hav- 

5 ing carboxyl groups as functional groups having excellent waterproof properties after recording. 

[0002] In ink jet recording, small ink droplets are ejected by one of a variety of different mechanisms so that they 
adhere to a recording paper on which they form dots. Apart from the fact that this method is less noisy than dot impact 
recording, it is easy to achieve full color images and high speed printing is possible. However, the inks used in Inkjet 
recording are normally water-based inks that employ direct dyes or acidic dyes, and therefore have poor drying proper- 

10 ties. 

[0003] The properties required of an ink jet recording paper used in this ink jet recording method are: 

(1) high ink drying speed, 

(2) high optical density of image, 

15 (3) the ink does not overflow or blur, 

(4) the paper does not crease due to absorbing ink, 

(5) the print is highly waterproof. 

[0004] Now that the color technology of ink jet printers is improving and their prices are decreasing, the use of color 

20 ink jet printers by individual consumers is rapidly becoming more widespread. 

[0005] These color printers reproduce a variety of colors by combining inks of the single colors cyan, magenta, yellow 
and black inks, consequently the amount of ink adhering in the mixed ink areas is from 2 to 3 times as much as the 
amount of ink adhering in the case of monochrome printers. Hence, when ordinary non-coated papers, such as the kind 
of paper used in conventional monochrome printers, are used in a color printer, the amount of ink absorbed is inade- 

25 quate resulting in strike through or overflow. Conventional heavily coated type papers, on the other hand, were difficult 
to handle and did not have the texture of orcfi nary paper. There was therefore a demand for a lightly coated paper. To 
improve the waterproof properties of print produced by ink jet printers, the water-soluble dyes used in inks are made 
more difficultly soluble by replacing sulfo groups in the dye with carboxyl groups (R.W.Kenyon, 9th international Con- 
gress on Advances in Non-Impact Printing Technologies/Japan Hardcopy *93, p. 279 (1993)). 

30 [0006] As carboxyl groups are usually weakly acidic under alkaline conditions dissociation is promoted so that the 
dye dissolves, but under relatively strongly acidic conditions, it is present as a free carboxylic acid so that dissolution is 
prevented. The improved waterproof properties of the dye are due to this principle. The dye is dissolved in ink of com- 
paratively high pH, but after printing when the dye adheres to paper, as the pH of the paper surface is relatively low, the 
dye is present as the free acid and is therefore rendered difficultly soluble. Such dyes which have been rendered diff h 

35 cultly soluble are described together with their chemical structure in the aforementioned reference in the literature, and 
they all possess carboxyl groups. 

[0007] Of these dyes, some possess both carboxyl groups and sulfo groups, but it is the solubility of the carboxyl 
groups which varies due to the change of pH before and after printing. Since dyes which possess carboxyl groups react 
strongly with alkaline earth metal ions, changes of cola rendering properties easily occur, and salts which are difficultly 

40 soluble in water are easily formed. 

[0008] In the event of such a change of color rendering properties, the print quality of printed documents obviously 
deteriorates, and if a difficultly soluble salt is produced, a metallic gloss appears which also impairs print quality. 
[0009] In recent years, the use of neutral paper has become more widespread replacing the acidic paper which was 
mainly used conventionally. This neutral paper comprises calcium carbonate as a filler, and is known as calcium car- 

45 bonate paper. When the aforesaid water-resistant inks were used on this neutral paper, it was therefore a frequent 
occurrence that the calcium carbonate in the paper reacted with the aforesaid dye comprising carboxyl groups, causing 
a change of cola rendering properties and a deterioration of print quality. 

[001 0] When the inventors attempted to improve these defects by providing a recording layer on neutral paper, they 
found that even in the case of a coated paper using calcium carbonate paper as a base paper, a lightweight coating of 
so approximately 7 g/m 2 or less did not suffice to completely cover the base paper so that the same deterioration of print 
quality occurred as mentioned hereinabove. 

[001 1] They found moreover that when a relatively strongly alkaline salt such as calcium carbonate was used as a 
filler, the carboxyl groups in the dye tended to dissociate even if the calcium carbonate did not react with the pigment 
so that the improvement of waterproof properties was not as great as had initially been expected. There was also a dis- 
ss advantage in that the dye penetrated the papa so that optical density decreased. 

[001 2] The inventors discovered as a result of intensive studies that when recording was performed using water-sol- 
uble inks comprising mainly carboxyl groups as hydrophilic functional groups, an ink jet recording paper which provided 
high print quality and printed materials having excellent waterproof properties could be obtained even with a lightweight 
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coating by avoiding the use of calcium carbonate as filler and using a base paper comprising kaolin and/or illite. 
[0013] tt is therefore an object of this invention to provide an ink jet recording paper which provides excellent print 
quality without any change of color rendering properties or appearance of metallic gloss. 

[0014] The aforesaid aims and objects of the invention are attained by an ink jet recording paper using a water-soluble 
5 dye comprising mainly carboxyl groups as hydrophilic functional groups, this recording paper comprising (1) a base 
paper not containing calcium carbonate but comprising a kaolin and/or illite as a filler, and (2) a recording layer provided 
on at least one side of this base paper comprising a water-absorbing pigment and aqueous binder as its principal com- 
ponents, the amount of solids in this layer lying in the range 0.5 - 3.0 g/m 2 on each side of the paper on which the layer 
is provided. 

w [0015] The ink using a water-soluble dye comprising mainly carboxyl groups as functional groups according to this 
invention, is an ink (referred to hereinafter simply as ink) comprising a water-soluble dye comprising at least carboxyl 
groups of which the dissociation is promoted under alkaline conditions causing dissolution, but which exists as a free 
carboxyl ic acid under relatively strongly acidic conditions causing the dye to become difficultly soluble. 
[001 6] Such a dye dissolves in ink of relatively high pH, but after printing when the ink adheres to a paper surface, as 

15 the pH of the paper surface is relatively low, the dye is converted to the free acid form and is thereby rendered difficultly 
soluble. Specific examples of such dyes are described in R. W. Kenyon, 9th International Congress on Advances in Non- 
Impact Printing Technologies/Japan Hardcopy "93, p. 279 (1993). 

[001 7] The filler used in the base paper of the ink jet recording paper according to this invention does not contain any 
calcium carbonate and comprises kaolin and/or illite in order to prevent reaction with the dye in the ink which would 
20 cause a change of color rendering properties, appearance of a metallic gloss due to production of a salt drff icurtty sol- 
uble in water and deterioration of print quality. 

[0018] Kaolin is a naturally occurring substance represented by the formula AI4Si 4 O 10 ](OH) 8( and the pH of a dis- 
persed slurry of kaolin is in the vicinity of 5. Illite is a naturally occurring substance represented by the formula 
K 1 .sAUISie.sAL-t .sJO^COH)* and the pH of a dispersed slurry of illite is in the vicinity of 7. Consequently, neither kaolin 
25 nor illite has any effect on printing. The amount of kaolin and/or illite used is normally in the range of 3 - 30 wt% of the 
base paper. 

[0019] There is no particular limitation on the pigment used for the recording layer of the recording paper according 
to this invention provided that it is a water-absorbing pigment. The use of amorphous silica which has a relatively large 
specific surface area is to be preferred. The amorphous silica referred to herein is the white carbon and amorphous sil- 
30 ica referred to on p.267 of the Applied Chemistry Section of the Chemical Handbook (Kagaku Birtran Oyou Kagaku 
Hen) by the Chemical Society of Japan, published on 15 October 1986 by Maruzen K.K. 

[0020] There is no particular limitation on the binder used in the recording layer of the recording paper according to 
this invention provided that it is an aqueous binder. Examples of such binders are starches such as oxidized starch and 
esterff ied starch, cellulose derivatives such as carboxym ethyl cellulose and hydroxy ethylcellulose, polyvinyl alcohol and 
35 its derivatives, polyvinylpyrrolidone, casein, gelatin, soybean protein, styrene /acrylic resins and their derivatives, sty- 
rene/butadiene latex, acrylic emulsions, and vinyl acetate emulsion. The proportion of the binder preferably lies within 
a range of 10 - 100 weight parts to 100 weight parts of pigment 

[0021] The coating color used for the recording layer is prepared by Meriting the aforesaid pigment and binder with 
water, and various salts may be added as may be appropriate so as to adjust the pH to 5.5 - 7.5. The pH may be 

40 adjusted also by adjusting the pH of the pulp slurry used for the base paper. 

[0022] When the pH is less than 5.5, the color rendering properties of phthalocyanin type cyan inks are particularly 
adversely affected. On the other hand, increasing the pH above 7.5 leads to a deterioration of waterproof properties or 
the optical density of printed materials. pH may be measured by the method described hereinafter. 
[0023] Sizing agents, water repellents, pigment dispersarrts, water retention agents, thickeners, defoaming agents, 

45 preservatives, coloring agents, waterproofing agents, wetting agents, fluorescent dyes, ultraviolet absorption agents 
and cationic polymer electrolytes may be added to the coating color as necessary and appropriate. 
[0024] The coating may be chosen from any known methods using a coating tool such as a blade coater, air knife 
coater, roll coater, brush coater, kiss coater, squeeze coater, curtain coater, bar coater, gravure coater or comma coater. 
These may be used either as offmachine or on-machine coaters. In the case of on-machine coating, coating tools 

so known in the art such as size press coaters and gate roll coaters may also be used. 

[0025] The coating of the recording layer is such that the recording paper retains the textural properties of ordinary 
paper, the amount of solids in the coating lying within the range of 0.5-3.0 g/m 2 , and preferably within the range of 0.7 
-2.5 g/m 2 . 

[0026] Although the ink jet recording paper according to this invention has a lightweight coating, there is no change 
55 of color rendering properties nor appearance of a metallic gloss, and excellent print quality is obtained even when 
recording is performed on the paper using a water-soluble dye comprising mainly carboxyl groups as hydrophilic func- 
tional groups. In addition, the printed materials so obtained have excellent waterproof properties. 
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EXAMPLES 

[0027] This invention will now be described in further detail with reference to specific examples, however it shall be 
understood that these examples are not be construed as limiting the invention in any way. The tests, measurement 
5 methods and reference standards used in the examples and comparative examples are as described hereinbelow. 

(1) Paper surface pH 

[0028] Distilled water was run over the paper surface, and a surface pH measurement sensor (GST-5313F) of a pH 
w meter (HM-30S) (IDA Electronics Ltd.) was brought into contact with the surface. 

(2) Evaluation of color rendering properties 

[0029] Printing was performed using a bubble jet color printer (BJC-400J: Canon Inc.), with black and cyan ink. Color 
is rendering properties were visually assessed according to the following criteria. 

1 . No change of color rendering properties o 

2. Change of color rendering properties found x 

20 (3) Image quality 

[0030] To assess image quality, the extent of ink blurring (feathering) was evaluated. 

(4) Waterproof properties 

25 

[0031] To assess waterproof properties, the image remaining after the printed material was immersed in water for 5 
minutes, was evaluated. 

1 . Practically no running of the image o 
30 2. Slight running of the image a 

3. Heavy running of the image x 

(5) Textural properties (ordinary paper texture) 

35 [0032] To assess textural properties, the resemblance to ordinary paper was assessed. 
EXAMPLE 1 

[0033] 85 weight parts of LBKP (c.s.f. 350ml), 1 5 weight parts of kaolin as paper filler and 0.2 weight parts of a hydro- 
40 phobic modified rosin emulsion sizing agent were blended together, and an ink jet recording paper of weighting 81 .4 
g/m 2 was manufactured using a Fourdrinier paper machine. The following coating color was then applied to the surface 
of the base paper using a gate roller. 

Coating cdor 

45 

[0034] 1 00 weight parts of Aerosil No. 100 as pigment was dispersed in 900 weight parts of water. The resulting dis- 
persion was blended with a solution of 40 weight parts of polyvinyl alcohol (PVA1 17: Kuraray Co., Lid.) as aqueous 
binder in 530 weight parts of water and 3 weight parts of sodium bicarbonate so as to obtain a coating cola. 
[0035] The coating weight on the ink jet recording paper obtained was 2.4 g/m 2 as solids on each side of the paper. 
so [0036] The measurement of pH of the paper surface and evaluation of color rendering properties of this paper are as 
shown in Table 1. 
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EXAMPLE 

[0037] An ink jet recording paper was manufactured in exactly the same way as described in Example 1 excepting 
that illite was used instead of kaolin, 15 weight parts of a 10 weight % aqueous solution of sodium hydroxide was further 
5 added to the coating color, and the coating weight was changed to 2.2 g/m 2 as solids on each side of the paper. 
[0038] The results of tests performed on this paper are as shown in Table 1 . 

EXAMPLE 3 

10 [0039] An ink jet recording paper was manufactured in exactly the same way as described in Example 1 excepting 
that illite was used instead of kaolin, and the coating weight was changed to 1.0 g/m 2 as solids on each side of the 
paper. 

[0040] The results of tests performed on this paper are as shown in Table 1 . 
is EXAMPLE 4 

[0041] An ink jet recording paper was manufactured in exactly the same way as described in Example 1 excepting 
that sodium carbonate was used instead of sodium bicarbonate, and the coating weight was 2.5 g/m 2 as solids on each 
side of the paper. 

20 [0042] The results of tests performed on this paper are as shown in Table 1 . 
COMPARATIVE EXAMPLE 1 

[0043] 85 weight parts of LBKP (cs.f. 350ml), 15 weight parts of calcium carbonate as paper filler and 0.15 weight 
25 parts of alkylketene dimer as internal sizing agent were blended together, and an ink jet recording paper of weighting 
81 .4 g/m 2 was manufactured using a Fourdrinier paper machine. 

[0044] Exactly the same coating color as in Example 1 . excepting that it did not contain 3 weight parts of sodium bicar- 
bonate, was then applied by a gate roller to both sides of the paper so as to manufacture an ink jet recording paper. The 
results of tests performed on this paper are as shown in Table 1 . 
30 [0045] The coating weight of this ink jet recording paper was 2.3 g/m 2 as solids on each side of the paper. 

COMPARATIVE EXAMPLE 2 

[0046] An ink jet recording paper was manufactured in exactly the same way as described in Comparative Example 
35 1 excepting that talc was used instead of calcium carbonate, a rosin sizing agent was used instead of alkylketene dimer, 
and 2.0 weight parts of aluminum sulfate were also blended into the paper. 
[0047] The results of tests performed on this paper are as shown in Table 1 . 

COMPARATIVE EXAMPLE 3 

40 

[0048] An ink jet recording paper was manufactured in exactly the same way as described in Comparative Example 
1 excepting that a coating was not applied when the paper was manufactured. 
[0049] The results of tests performed on this paper are as shown in Table 1 . 

45 COMPARATIVE EXAMPLE 4 

[0050] An ink jet recording paper was manufactured in exactly the same way as described in Comparative Example 
1 excepting that the coating weight was 3.9 g/m 2 on each side of the paper. 
[0051 ] The results of tests performed on this paper are as shown in Table 1 . 

so 

Claims 

1 . An ink jet recording paper for recording with an ink based on a water-soluble dye having mainly carboxyl groups as 
hydrophilic functional groups, said recording paper not containing calcium carbonate, and being formed from a 
55 base paper comprising kaolin and/or illite as filler and a recording layer provided on at least one side of said base 
paper comprising a water-absorbing pigment and an aqueous binder as its principal components, the amount of 
solids in said layer lying in the range of 0.5 - 3.0 g/m 2 on each side of said paper on which said layer is provided. 
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2. An ink jet recording paper as defined in Claim 1 , the pH of the paper surface on each side of said paper on which 
said recording layer is provided lying in the range of 5.5 - 7.5. 

3. An ink jet recording paper as def ined in Claim 1 or 2, wherein said water-absorbing pigment is amorphous silica. 

5 

4. An ink jet recording paper as defined in any one of Claims 1 -3, wherein the amount of kaolin and/or illite used is in 
the range of 3-30 wt% of the base paper. 

5. An ink jet recording paper as defined in any one of Claims 1-4, wherein the proportion of the binder lies within a 
io range of 10- 100 weight parts to 100 parts of pigment. 

6. An ink jet recording paper as defined in any one of Claims 1-5, wherein the amount of solids in the layer lie in the 
range of 0.7-2.5 g/m 2 on each side of the paper in which said layer is provided. 

is PaterrtansprOche 

1 . Tintenstrahlaufzeichnungspapier zum Beschreiben rrtit einer Tirrte, die auf einem wasserloslichen Farbstoff basiert, 
der als hydrcphile funktionelle Gruppen im wesentlichen Carboxylgruppen aufweist, wobei das Aufzeichnungspa- 
pier kein Kaliumcarbonat enthait und hergestelrt ist aus einem Basispapier, welches Kaolin und/oder illit als FOllst- 
20 off enthait, und einer Aufzeichnungsschicht, die auf mindestens eine Serte des Basispapiers aufgebracht ist und 
als Hauptbestandteile ein wasserabsorbierendes Pigment und ein wflsseriges Bindemittel enthait wobei die 
Menge an Feststoffen in der besagten Schicht auf jeder Serte des Papiers, auf der eine derartige Schicht vorgese- 
hen ist, im Bereich von 0,5 bis 3,0 g/m 2 liegt. 

25 2. Tirrtenstrahlaufzeichnungspapier nach Anspruch 1 . bei welch em der pH-Wert der Papieroberf Idche auf jeder Serte 
des Papiers, auf der die Aufzeichnungsschicht vorgesehen ist. im Bereich von 5,5 bis 7,5 liegt 

3. Tintenstrahlaufzeichnungspapier nach Anspruch 1 oder 2, bei welchem das wasserabsorbierende Pigment amor- 
phes Siliciumoxid ist. 

30 

4. Tlntenstrahlaufzeichnungspapier nach einem der AnsprOche 1 bis 3, bei welchem die Menge des benutzten Kao- 
lins und/oder Ifltts im Bereich von 3 bis 30 Gewichtsprozerrt des Basispapiers liegt. 

5. Tlntenstrahlaufzeichnungspapier nach einem der AnsprOche 1 bis 4, bei welchem der Anteil an BindemitteJ im 
35 Bereich von 10 bis 100 Gewichtsteilen zu 100 Teilen Pigment liegt 

6. Tintenstrahlaufzeichnungspapier nach einem der AnsprOche 1 bis 5. bei welchem die Menge an Feststoffen in der 
Schicht auf jeder Seite des Papiers. auf der eine derartige Schicht vorgesehen ist, im Bereich von 0,7 bis 2,5 g/m 2 
liegt. 

40 

Revendlcations 

1 . Papier d'enregistremerrt a jet d'encre pour rgaliser des enregistrements avec une encre a base d'un colorant solu- 
ble dans I'eau ayant principalement des groupes carboxyles en tart que groupes fonctionneJs hydrophiles, ledit 

45 papier d'enregistremerrt ne contenant pas de carbonate de calcium et 6tant form6 cTun papier de base comprenant 
du kaolin et/ou de llllrte comme charge et une couche d'enregistremerrt appliqu6e sur au moins un c6t6 dudit 
papier de base et comprenant un pigment absorbant I'eau et un liant aqueux en tarrt que ses composants prind- 
paux, la quantity de solid es dans ladite couche 6tant srtu£e dans la plage de 0,5 a 3,0 g/m 2 sur chaque c6t6 dudit 
papier sur lequel est appliqua ladite couche. 

50 

2. Papier d'enregistremerrt a jet d'encre selon la revendication 1 , le pH de la surface du papier sur chaque c5t6 dudit 
papier sur lequel est appliqu6e ladite couche d'enregistremerrt 6tarrt sftu£ dans la plage de 5,5 a 7,5. 

3. Papier d'enregistremerrt a jet d'encre selon la revendication 1 ou la revendication 2, dans lequel ledit pigment 
55 absorbant I'eau est une silice amorphe. 

4. Papier d'enregistremerrt a jet d'encre selon I'une quelconque des revendications 1 a 3, dans lequel la quantity de 
kaolin et/ou d'illite utilis6e est dans la plage de 3 a 30 % en poids du papier de base. 
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5. Papier d'enregistrement d jet cTencre selon Tune quelconque des revendications 1 k 4, dans tequel la proportion de 
liant 66 srtue k I1nt6rieur d'une plage de 10 & 100 parties en poids pour 100 parties de pigment. 

6. Papier d'enregistrement & jet d'encre selon Tune quelconque des revendications 1 & 5, dans lequel la quantity de 
solides dans la couche se situe dans la plage de 0.7 & 2,5 g/m 2 sur chaque cfltd du papier sur lequel est appliqu6e 
ladrte couche. 
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